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Abstract
Video-assisted thoracic surgery has been recognized as an acceptable technique for the treatment of early-stage lung cancer, with the
potential advantage of lower postoperative pain than that experienced after open thoracotomy. However, the procedure cannot com-
pletely alleviate postoperative pain and paraesthesia and causes some degree of intercostal nerve damage. To minimize postoperative
pain in video-assisted thoracic surgery, several new approaches have recently been reported. We describe the case of a 51-year old
woman who successfully underwent total port-access, video-assisted thoracoscopic lobectomy for Stage IA lung cancer via the subcos-
tal trans-diaphragmatic approach. Our results demonstrate the feasibility and safety of this procedure, which offers the advantages of
minimizing intercostal nerve damage and facilitating better handling of staplers.
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INTRODUCTION
Video-assisted thoracic surgery (VATS) lobectomy has been per-
formed frequently in patients with early-stage lung cancer.
Although the postoperative pain associated with VATS is lower
than that experienced after open thoracotomy, some degree of
intercostal nerve damage is inevitable because the staplers, the
thoracoscopic camera and other instruments are introduced
through thoracoports placed in the intercostal spaces. To minim-
ize this damage, we attempted total port-access, video-assisted
thoracoscopic lobectomy via the subcostal trans-diaphragmatic
approach by using three 5-mm intercostal ports and one 15-mm
subcostal trans-diaphragmatic port for endostaplers and instru-
ments >5 mm in diameter. Here, we provide a detailed descrip-
tion of this approach.
CLINICAL SUMMARY
A 51-year old woman was referred to our hospital with an ab-
normal shadow on a screening chest radiograph. Computed
tomography revealed a 1.0-cm mixed nodular ground-glass
opacity in the middle lobe, and lung cancer was suspected.
Since bronchoscopic diagnosis seemed difﬁcult and the tumour
was centrally located in the middle lobe, making partial resec-
tion difﬁcult, we attempted middle lobectomy for a deﬁnite
diagnosis.
SURGICAL TECHNIQUE
The patient was placed in a lateral decubitus position under
general anaesthesia with a double-lumen endotracheal tube. The
ﬁrst 5-mm thoracoport was placed in the fourth intercostal
space on the anterior axillary line for observation of the
intrathoracic space. The second and the third 5-mm thoraco-
ports were placed in the ﬁfth intercostal space on the posterior
axillary line and in the seventh intercostal space on the middle
axillary line, respectively (Fig. 1). Just anterior of the 10th rib, a
2-cm subcostal incision was made. The diaphragm was reached
by blunt dissection, and a 15-mm port was placed trans-
diaphragmatically into the chest cavity under visualization by a
thoracoscopic camera through the intercostal 5-mm port (Fig. 1)
Video 1. After all ports were placed, the thoracoscopic camera
was placed via a port in the seventh intercostal space on the
middle axillary line. Insufﬂation of CO2 (pressure/ﬂow, 8 mmHg
and 10 l/min) introduced through a 15-mm port was maintained
until the lung was well deﬂated.
After the pulmonary vein (V4 + 5) was encircled by a 5-mm
roticulated forceps, it was ligated with an endoslide introduced
through a 5-mm port and then divided (Fig. 2a and b). The
middle lobe bronchus was encircled after hilar lymph node dis-
section and was divided with an endostapler introduced through
the 15-mm port (Fig. 2c and d). After the pulmonary artery (A5)
was ligated and divided in the same fashion as V4 + 5, the pul-
monary artery (A4 + 5) was divided with the endostapler.
Incomplete lobation between the middle and upper lobes was
divided with the endostapler, and middle lobectomy was
accomplished. The resected middle lobe was inserted into a
removal bag and was withdrawn trans-diaphragmatically through
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the subcostal incision Video 2. Frozen section diagnosis of the
specimen revealed adenocarcinoma of the lung, and systematic
mediastinal lymph node dissection was performed. Graspers of
the lung and endostaplers were introduced through a subcostal
port. A roticulated device was used to encircle the vein, artery
and bronchus. One 5-mm ﬂexible polyurethane multichannel
drain was inserted through the subcostal incision. The diaphragm
was not closed and subcutaneous muscle was closed with two or
three stitches.
Total blood loss was <10 ml, and the operating time was 158
min. A total of 17 lymph nodes were dissected. The chest tube
was removed on the ﬁrst postoperative day. The postoperative
course was uneventful. Pathological examination revealed
pT1aN0M0 Stage IA lung adenocarcinoma.
We performed this procedure on 16 patients with clinical
Stage I lung cancer in both lobes over a recent 14-month
period. For the ﬁrst 2 patients, the operation times were 271 and
230 min, respectively. In the other 14 patients, however, the
mean operation time was 191 ± 39 min (mean ± standard devi-
ation). Postoperative complications were transient atrial ﬁbrilla-
tion in 1 patient and transient recurrent nerve palsy in 1. No
diaphragmatic hernia occurred for >60 patients with our ap-
proach including wedge resection of the lung.
DISCUSSION
VATS has been recognized as an acceptable technique for the
treatment of early-stage lung cancer, and postoperative pain
after VATS is less than that after thoracotomy. However, some
degree of intercostal nerve damage is inevitable in VATS, and
postoperative pain and paraesthesia, although less severe, are
still present. To minimize postoperative pain in VATS, several
approaches have recently been reported, such as complete
port-accessed lobectomy by the muscle-sparing method [1], the
transcervical approach with one intercostal 5-mm thoracoscopic
camera port [2] and the single-port, video-assisted thoracoscopic
lobectomy [3]. However, these procedures are not widely used
because of technical difﬁculties.
Ninan et al. [4] reported port-access, robot-assisted pulmonary
lobectomy without utility thoracotomy, combined with the
trans-diaphragmatic approach, wherein they made a subcostal
trans-diaphragmatic incision for access to the pleural cavity. As
described by Ninan et al., the potential advantages of this pro-
cedure are its ability to allow resection of tumours of any size,
Figure 2: (a and b) Ligation of V4 + 5 with an endoslide introduced through a 5-mm intercostal port. (c and d) Division of the middle lobe bronchus with
endostapler introduced through a 15-mm subcostal port.
Figure 1: (a) Approach to the right chest with three 5-mm intercostal ports
(smaller circles) and one 15-mm subcostal port (larger circle). (b) View of the
postoperative wound (arrows).
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maintain CO2 insufﬂation and dispense with the need to insert
larger-sized instruments through intercostal port sites [4]. We
adopted this procedure in VATS. We used only three 5-mm
intercostal ports, through which we could insert ordinary VATS
devices, thereby making our procedure less invasive than robotic
ports. Long endostaplers and roticulated forceps for encircling
the bronchus and pulmonary vessels were useful. Our approach
facilitates the handling of stapling devices without the interfer-
ence of other devices and the camera.
The beneﬁt of CO2 insufﬂation is that the lung can be col-
lapsed to visualize the intrathoracic structures. The other poten-
tial beneﬁt is the reduction in blood loss. The risk of CO2
insufﬂation is haemodynamic collapse, but the clinical impact of
positive-pressure pleural insufﬂation remains controversial [5].
CO2 insufﬂation should be carefully used at low pressure, in
close contact with an anaesthesiologist, and should be stopped
once adequate collapse of the lung is obtained.
In our approach, there were no serious technical disadvan-
tages such as limited ﬁeld vision in single-port video-assisted
thocacoscopic lobectomy [3], or prolonged operation time in the
transcervical approach with one 5-mm intercostal thoracoscopic
camera port [2]. In our experience, total port-access,
video-assisted thoracoscopic lobectomy for Stage IA lung cancer
via the subcostal trans-diaphragmatic approach is feasible and
safe, easy for experienced VATS surgeons to learn, and has the
potential advantage of minimizing postoperative pain.
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Video 2: Extraction of the resected middle lobe trans-diaphragmatically
through the subcostal incision and the closure of the subcostal incision.
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